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As the size and diversity of the compound 
semiconductor business continues to grow 
in both the optoelectronic and electronic 
segments, the importance and diversity of 
metal organic processing continues to 
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the rapid growth in market share of gallium 
arsenide HBT and HEMT devices for cell- 
phone and infrastructure applications. 
Additionally, but to a lesser extent on a 
device volume basis, II-VI compound device 
processes are also adding to the diversity of 
MOVPE processing. It is worthy of note that 
some of this increase in market share comes 
at the expense MESFETs using ion implanta- 
tion processing. 
Metal-Organic Processing 
Leads the Pack 
Based on the long history of production of indi- 
urn-gallium-arsenide-phosphide infrared lasers by 
MOVPE and today’s large volumes of LEDs and 
electronic devices using the process, MOVPE 
must now be classed as a mature production 
technalagy for a wide range of products. 
Commercial products now range from the early 
limited colour LEDs, early quaternary IR-lasers for 
fiberoptic communications, to a full spectral 
range (IR to UV) of high output LEDs, visible 
lasers, detectors, high frequency power electron- 
ic devices used in cell phones, radars, base sta- 
tions, satellite communications and the last but 
not the least, high output solar cells. In spite of 
this existing product range, the versatility of the 
various III-V compound materials still supports a 
range of new developing markets 
Ion implantation and MBE processes are not 
doomed by this explosion of metal-organic pre- 
cursor based processes because a) MBE 
processed compound semiconductor devices are 
also gaining market share and b) future com- 
pound semiconductor device markets are 
expected to follow the silicon device model. It is 
interesting that some of these increases in mar- 
ket share referred to above are coming at the 
expense the long entrenched MESFET technolo- 
gy using ion implantation processes. 
For silicon, the best of both worlds concept 
applies, with ion implantation being used for a 
majority of devices and epitaxy also being used 
in over 80% of device designs. So, in the future 
look for a trend in the use of ion-implantation 
and MOVPE for the production of compound 
semiconductor devices. However, it should be 
noted that all compound semiconductor materi- 
als, gallium nitride for example, do not appear to 
be compatible with ion implantation processing. 
Hetero-epitaxy is now widely used for the 
MOVPE production of gallium nitride devices, 
due to the spotty availability of homo-substrates, 
but there is also a growing trend in commercial 
compound semiconductor device development 
toward the use of hetero-epitaxy on lattice 
matched and mis-matched substrates for high 
performance devices based on materials such as 
GaAs,AlGaAs, ZnO, ZnSe or InP; again, examples 
showing the diversity of MOVPE processes. 
High Performance 
Laser Diodes 
End Emitting Infixred Lasers 
Although laser power outputs above one watt 
per chip have been demonstrated and are used 
in some IR-commercial products, they are not a 
requirement for many infrared laser applications 
and they are not available for most IR- 
wavlengths. However, welding and frequency- 
doubling for green display laser applications are 
different, with high power output chips being 
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Ffgure 7. Schematic of the LOC laser showing the near field optical profile. The inserted SEM image was taken from a 
cleaved edge and shows the centrally located OWs as two white lines. 
preferable. In recent research, J. S. Roberts et al 
from the University of Sheffield in cooperation 
with the University of Bath and PLT Technology 
of Golcta, California have demonstrated the 
development of 1070 and 1118nm large optical 
cavity (LOC) high power lasers with partial layer 
strain balancing to create long lifetime devices. 
In this work high indium content InGaAs lasers 
(24 and 29% respectively for the two wave- 
lengths) were prepared by atmospheric pressure 
MOVPE with GaAsP barrier layers being inserted 
to partially compensate for the compressively 
strained quantum wells. 
To optimize laser performance by the reduction 
of oxygen and other impurity levels, the metal- 
organic-Group-III, hydride Group-V sources and 
the dopants (disilane and carbon tetrachloride) 
for this device research were getter purified. 
Intrinsic carbon doping was used for the low p- 
level layers and a 9OOAAlGaAs spacer was grown 
between the double quantum well layers. In this 
LOC end emitter design (1200 x 150 microns), 
the lasing structures were completed with 
200nm of a zinc-doped gallium arsenide capping 
layer (see Figure 1. for the barrier diagram and 
SEM of the grown Iayers).The output power per- 
formance of the 1070nm LOC laser is shown in 
Figure 2a. from which it can be seen that output 
powers of over 2 watts were obtained.This is the 
first time that this power/lifetime performance at 
a constant optical output power of 1.5 watts and 
a lifetime in excess of 4500 hours has been 
demonstrated for a 1070nm laser [a 15°C operat- 
ing temperature was used] (see Figure 2b.).This 
performance can also meet the needs of com- 
mercial welding equipment. With the spectral 
range of the laser showing several peaks within a 
6nm band, it is presumed that there are several 
smaller stripes lasing independently within the 
150 micron LOC stripe width. Coated facets 
evaluation of the 1118nm laser has not been 
completed, but preliminary data suggests that the 
low degradation rates and high power outputs 
will also be achievable from the 1118nm 
devices. (note, the step artifact in the lifetime 
curve, Figure 2b., occurred when the laser was 
removed from the testing stage). 
Vertical Cavity Surface Emitting Lasers (VCSELs) 
In the last few years, vertical cavity surface emit- 
ting lasers (VCSELs) have received wider com- 
mercial acceptance as their manufacture and 
device stability has been improving.Their bene- 
fits include light emission vertical to the surface, 
the ability to be tested on the wafer, the ease of 
connection to a fibre, temperature stability and 
wavelength stability and these characteristics 
have led to a demand in plastic fibre and con- 
sumer electronic markets, including DVDs and 
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laser printers. For GOOnm operation with plastic 
fibre a -40 to 85°C operating range is specified, 
whereas for automotive use the maximum tem- 
perature requirement increases to 125°C. 
However,VCSEL manufacture presents different 
challenges to the MOVPE process than does end 
emitting lasers.These include longer growth 
times needed for the growth of thicker device 
structures (up to 9 microns thick).This increased 
thickness requirement is mostly due to the need 
for more than 100 superlattice layers (SLs) to 
make the highly reflectivity Bragg mirrors (with 
the necessary greater than 99% refIectance).The 
criticality of the layer requirements necessitates 
very tight process control and reproducibility 
throughout the VCSEL growth process, especially 
for the deposition of the thin quantum well lay- 
ers grown between two multi-layer superlattice 
stacks. 
Recent successes for this type of device design 
have been reported by M. Zorn et al from the 
Ferdinand Braun Institut (FBI) in Berlin as part of 
a BREDSELS project (in cooperation with Irish 
and UK laboratories). For the 650 and 670nm 
lasers, an AIXTRON AIX-200 reactor was used to 
grow AlInGaP/AlGaAs active layers on gallium 
growth process, 4nm thick quantum wells could 
be resolved. For these devices, intrinsic carbon 
levels were used for p-doping and p-contacts 
were formed via a p-doped indium gallium phos- 
phide capping layer. 
Record VCSEL performances were reported from 
the FBI, including a 3mW output for a 650nm 
wavelength laser and 1OmW for the 670nm laser. 
These VCSELs provided laser emission up to 55°C 
at 650nm and up to 80°C at 670nm, with CW 
operation already being observed for more than 
1000 hours. 
As noted earlier, there are a variety of applica- 
tions for lasers emitting in the 1lOOnm and 
longer wavelength range such as frequency dou- 
bling sources and telecommunications Raman 
amplifiers. E Bugge (also from the FBI) described 
the development of InGaAs quantum well lasers 
with very high indium contents grown over a 
wide range of temperatures (490 to 770°C). If 
growth temperatures were kept in the 510 to 
600”~ range, defect free quantum wells could be 
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XRDS Spectra for CGS Grown on Molybdenum 
made and a peak 1238nm wavelength photolu- 
minescence was recorded.At slightly lower indi- 
urn contents, 1170 and 1120nm large area lasers 
(0.1 x 1 mm) were made, which achieved output 
power levels as high as 12W.This power output, 
at a 23MW per cm2 power density, was reported 
as the highest internal power density ever pro 
duced by a diode laser. 
MO’s for Copper Selenide Photovoltalcs 
Although, copper-Group-III selenides have a long 
history of development and the potential for the 
manufacture of low cost solar cells, they were 
not usually produced by MO-processes and sev- 
eral methods of preparation (spray coating, CVD 
and PVD) have been evaluated, with some being 
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used for low volume manufacturing. Up to now 
the CVD process has been a non-starter due to a 
lack of ‘ideal’ copper precursors, with the exist- 
ing precursors (mostly aryl copper compounds 
or aliphatic Bdiketonates) having low volatilities, 
low growth rates, poor stability and non-ideal 
decomposition temperatures. However, because 
of the higher efficiency benefits possible from 
diselenide tandem cells (copper-gallium-dise- 
lenide on copper-indium-diselenide) there is a 
renewed interest in an MOVPE process that can 
deposit both layers sequentially in the same reac- 
tor and therefore in the development and avail- 
ability of suitable precursors. 
M.C.Artaud-Gillet et al, from the University of 
Montpellier in trans-border cooperation with the 
Hahn-Meitner-Institute, Berlin and Epichem Ltd. 
UK, reported on their recent evaluation of spe- 
cially synthesized copper precursors developed 
to meet the process requirements.The significant 
precursors used for MOVPE deposition in this 
evaluation were cyclopentadienyl copper (CpCu) 
compounds complexed with either triethyl phos 
phine (CpCuTEP) or with tertiary butyl iso- 
cyanide (CpCuCNtBu) and dihexafluoroacetoace- 
tonato copper derivatives complexed with either 
triethylamine (hfac)2Cu,NEt3 or diethyl amine 
(hfac)2CuNEt2H. 
The evaluation of the different precursors was 
performed on gallium arsenide, zinc oxide and 
molybdenum substrates with di-tertiarybutyl 
selenium and triethyl gallium sources with the 
layers being grown by atmospheric pressure 
MOVPE (see Figure 3. for X-ray analysis of films 
grown on molybdenum). However, different 
growth conditions were needed for each com- 
pound. In general, good stoichiometric polycrys- 
talline and epitaxial films were obtained at 
growth rates as high as 0.5 microns per hour, 
see the X-ray diffraction data for copper gallium 
selenide in Figure 3.The growth rates for the 
aryl copper compounds (non-diketo or oxygen 
free) were lower at about 1OOnm per hour.The 
hexafluoro-triethylamine complex of copper, 
[(hfac)2CuNEt3,] was selected for further 
process development because of its higher 
vapour pressure, the reduced carbon content in 
the films, and because it enabled the highest 
growth rates. If the next phase is successful, the 
possibility for high output, low cost tandem 
solar cells based on CGS materials could 
become one step closer and at the same time 
add to the diversity and substrate volumes of 
MOVPE processed materials. 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Sample 6 
EpiPureTM TMA 
> 30 ppm 
13 ppm 
7.5 ppm 
6.0 ppm 
4.6 ppm 
3.8 ppm 
clppm (ND) 
1 *1019 8 *lo18 x=0.9 
1 *1019 2 *lo18 x=0.9 
1.5 *lo18 6 *IO17 x=0.9 
6 *lo17 1.5 *1017 x=0.9 
1 *1017 1 *1017 x=0.9 
2 *1017 4 *lo16 x=0.9 
<3 *IO16 (ND) <3 *IO16 (ND) x=1 
Correlation of oxygen content of precursors with oxygen content of MOVPE grown layers 
Improving Precursor, Source 
and Gas Purities for MOVPE 
Driven by the highest device performance 
requirements for VCSELs and solar cells in partic- 
ular and for Group III-arsenides, -nitrides and 
phosphides in a more general manner, the need 
for higher source purities for (especially lower 
oxygen contents) has become a necessity for 
some metal precursors for MOVPE use. 
Additionally, the need for higher purity carrier 
gases (hydrogen & nitrogen) and for the ammo- 
nia feed stock (again lower oxygen impurity lev- 
els) has become paramount and sparked 
increased competition between hydrogen purifi- 
er and getter technology.This competition has 
led to lower oxygen and moisture contents in 
these gases and to better device characteristics 
and performance, with even greater promise for 
the future. 
In the case of organometallic precursors such as 
trimethyl aluminium (TMA,AlMe3) oxygen con- 
taining contaminants are know to seriously 
degrade device performance, especially for high 
aluminium content device layers (AlGaN and 
AlGaAs), which are widely used for bright LEDs, 
lasers,VCSELs and efficient solar cells. S.A. 
Rushworth et al from Epichem, in conjunction 
with IQE Europe Ltd andThe Fraunhofer Institut 
for Solar Energy reported on the ability to corre- 
late improvements in MOVPE layer quality with 
reduced aluminium and indium precursor oxy- 
gen contents. Oxygen containing impurities such 
as the dimethylaluminium methoxide 
(Me2AlOMe) in trimethyl aluminium (AlMe3) 
and the diethyl ether complex (InMe3.Et20) or 
the monomethoxide in trimethyl indium (In 
Me3) have long been known to contaminate 
these metal alkyls and ‘low oxygen’ synthesis 
routes have been evaluated. However, no matter 
what the synthesis route, no suitable analytical 
methods to determine the oxygen impurity con- 
tents in precursors leading to sub 1017 per cm3 
levels have been available. 
Rushworth and co-workers have reported an 
improved proton-NMR analytical method that 
can detect sub-ppm oxygen levels in the precur- 
sors and allow correlation with the oxygen con- 
tents on the grown layers. In this work, alumini- 
urn gallium arsenide layers (with aluminium con- 
tents of 90% or higher) were grown at IQE using 
either an AlXTRON 2600-~3 or a 2400 multi- 
wafer reactor (see Table 1. for a summary of the 
data).Additionally,AlInGaP structures were also 
grown on a 2600.G3 at Fraunhofer ISE. Both 
hydride and alkyl group-v sources were used 
with typical growth temperatures being in the 
600 to 700°C range. Nominally identical growth 
conditions were used 
The listed samples of aluminium precursor were 
used where the precursor oxygen content had 
been analysed using a Bruker 250MHz NMR 
spectrometer with the oxygen profile of the 
grown layers subsequently analysed by SIMS (see 
Figure 4.). It can be seen from the data inTable 
1. that a variety of oxygen contents were detect- 
ed in the TMA precursors (with the older sam- 
ples tending to have the higher oxygen content) 
and that in general good correlation was 
obtained between the precursor ‘O’content and 
the oxygen in the grown AlGaAs layers. In the 
case of the low oxygen TMA (EpiPureB), this is 
the first time that the oxygen content of the 
grown layers was shown to be below the detec- 
tion limit of the SIMS analytical method.The use 
of high purity TM1 in the quaternary layers also 
produced very low oxygen content device layers 
(by SIMS analysis). 
